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Simulation of atmospheric N2 lasing

Remote Atmospheric Lasing and Lasing without Inversion
in the XUV
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We  discuss  the  physical  processes 
underlying  the  propagation  of  ultra  short 
pulse lasers (USPL) in the atmosphere and 
their application to atmospheric lasing of N2. 

The propagation of high intensity, ultrashort 
(~ 100 fsec) laser pulses in the atmosphere 
has  applications  for  remote  sensing  of 
chemical  and  biological  agents,  induced 
discharges  (artificial  lightning),  and  other 
directed energy applications.  Localized UV 
radiation generated at a remote location can 
be  a  source  for  active  fluorescence 
spectroscopy.   High  intensity  USPLs 
undergo a broad range of physical processes, 
e.g.,  Kerr  focusing,  dispersion,  spectral 
broadening,  ionization,  and  plasma 
defocusing [1].  Longitudinal pulse compression 
is achieved by introducing a negative frequency chirp on the pulse while diffraction can 
be offset by the atmospheric Kerr effect.  In combination, a greatly enhanced laser pulse 
intensity can result in plasma filament ~ 1 m in length.  Population inversion in N2  is 
induced by collisional excitation of electrons which are initially generated in the plasma 
filament  and are subsequently heated (  ~ 1 eV) with a second, higher energy, longer 
duration  laser  or  millimeter  wave  pulse.   The  thermalization  of  the  electrons  further 
increases the electron density through collisional ionization.  Molecular nitrogen has an 
electronic/vibrational transition in the UV at 0.337 μm and the laser gain along the heated 
plasma  column  can  be  sufficiently  high  to  achieve  saturation.   The  Maxwell-Bloch 
equations are solved together with the electron generation and thermalization equations 
for a pulsed N2 lasing process.  The inset figure shows the result of a simulation of N2 

lasing  in  the  atmosphere.   A heater  pulse  generates  a  localized  population  inversion 
which gives rise to a ~2 psec UV pulse within a plasma filament of length ~ 20 cm.

In  addition,  we discuss  lasing  without  inversion  for  generating  XUV.  As  an 
example we consider the generation of 6.1 nm radiation in B3+ (Princeton experiment) 
and  the  role  played  by  collisions  on  the  lasing  process.   Methods  for  reducing  the 
electron-ion collision frequency are discussed. 

[1] “Propagation of Intense Short Laser Pulses in the Atmosphere” P. Sprangle, J.R. Peñano and B. Hafizi, 
Phys. Rev. E 66, 046418 (2002). 
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